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Structure-Toxicitv in of the y-BIIC isomer (as  measured in the 

Hexachlorocyclohexane Isomers plane of the cyclohexane ring), we 
thereby exclude all penetration of the 

The remarkable differences in the B-isomer (9.6 A )  in a plane orientation. 
physiological effects of the various iso- Considerations of geometry show, how- 
mcrs of hexachlorocyclohexane (RHC)  ever, that the B-isomer will fit into the 
r i s e  the question of whether these ac- interspace if the molecule is turned on 
tions are related to specific biochemical end (we shall refer to the two orienta- 
reactions, or lthether they may be in- tions of this and other isomers as plane 
ferred from certain physical considera- and end-on); thus, the difference be-
tions ( 6 ) .  From the standpoint of both tween these two isomers can be expressed 
molecular structure and physioloqical in terms of their orientations in the mem- 
activity, the greatest difference in iso- brane. 
mers is between the j3- and y-forms. The The usual effect of filling up the mem- 
former has a relatively plane shape and brane interspaces with small molecules 
only very weak physiological activity as is that of narcosis, or the depression of 
a depressant, while the y-form has a excitable tissue ( 2 ) ,  an effect that is 
relatively spherical shape and strong con- largely independent of molecular shape. 
vulsant (insecticidal) action. Table 1 Such a situation is understandable on 
sho1z.s the configuration, size, and action the basis of this model, because, as long 
of the various isomers. as a molecule is much smaller than the 

If it is assumed that both fl- and y-iso- diameter of a circle that can be inscribed 
mers act on the cell membrane, can one in the interspace, there is no orientational 
explain the different types of action of barrier to its penetration. For the process 
these and other BI-IC isomers using an of narcosis we may expect that it is the 
arbitrary but identical model of the thermodynamic activity of a substance 
membrane in all cases? A membrane that is important in determining the 
composed of cylindrical lipoprotein relative magnitude of the narcotic ef-
macromolecules aranged in regular hex- fects ( 3 ) . The thermodynamic activities 
agonal packing may represent a simple, of the pure solid isomers (with the liquid 
generalized model of the actual structure as the standard state) will be inversely 
in living cells. The interspaces between proportional to their melting points and 
these macromolecules are then the heats of fusion, and they can be approxi- 
"pores" of the membrane, into which mated by the solubilities of the isomers 
various solutes can be introduced. The in paraffinic solvents ( 4 ) .  The order of 
size of these interspaces is a function of such solubilities is 6 > y > a > j3, with 
the diameter of the membrane molecules 8 about 100 times as soluble as 8. Hence, 
and their separation from one another. the 6-isomer, which, like the j3-isomer, 
If we set the interspace diameter as just is excluded from a plane orientation in 
slightly larger than the diameter (8.5 A) the membrane, can be expected to be a 

Table 1. Configuration, size, and action of isomers 

Molecular 
Melting configu- diameters? Molecule Physiological

Isomer point ration* 
fi - in plane thickness effect 

( - G )  of ring 

rj 297 eeeeee 9.5 9.5 9.5 5.4 Inert or weak depressant 
6 130 peeeee 8.5 9.5 9.5 6.3 Strong depressant 
u 157 ppeeee  8.5 8.5 9.5 7.2 Weak excitant 
'i' 112 pppeee  8.5 8.5 8.5 7.2 Strong excitant 
E 219 peepee 7.5 9.5 9.5 7.2 Not insecticidal 
'1 90 peppee  7.5 9.5 8.5 7.2 Not insecticidal 
8 124? pepeee  8.5 9.5 8.5 6.3 Unknown 

" 'Ihe notation is such that e (equatorial) represents a rhlorine atom located approximately in  the plane of 

the  cyrlohexane ring: j? (polar)  represents chlorine atoms distributed alternately above and below the plane 

of the rillg [see H .  D.  Or lo f f , Chem. Rex. 54, 347 (1954)l .  

f Insofar as the scale o f  Stuart models is accurate, these measurements can be considered in angstrom units. 

T h e  three values for diameters in  the plane o f  the ring are at inter\als o f  60" each. 
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strong depressant, and the fi-isomer call 
be cxpected to be a weak one. 

The fit of the various isomers into a 
membrane interspace of an arbitrarily 
chosen size (5) is shown in Fig. 1. Since 
small molecules, although quite capable 
of causing narcosis, do nor produce 
meirlbrane excitation, we might conclude 
that the only requirement for excitation 
is to make a molecule large enough. If, 
however, a molecule is made very much 
larger than the mean membrane intei- 
space size, the probability of its entering 
thc inembrane becomes kanishingly small 
(a t  least by the process of interspace 
penctration). If molecules of a size com- 
parable to that of the intesspace ale 
introduced into the membrane, the fol- 
lo\\ in5 considerations izould seem impor- 
tant in determining the effects that are 
to be produced: 'i 1 the strength of the 
attractive foxces between the molecules 
of the substance be~nq  introduced and 
the membrane moleculcs, and ( i i )  the 
strength of the attiactwe forces betneen 
the membrane molecules themselves. 

If both of these forces are of a com- 
parable order of rnazn~tude, the molecule 
should remain in the interspace without 
distortion of the ~nenrbrane structure, If 
the inserted molccule has regions of 
strong attractive force that interact lvith 
the membrane molecules, it would ap-
pear possible that i t could distort the 
mean position of the membrane mole-
cules around the interspace, Since the 
stability of the membrane is determined 
by the position of its nlolecules with re- 
spect to one another, distortion of the 
position of these molecules may lead to 
local regions of instability of the struc- 
ture and to ion leaks that are a prelude 
to excitation. I n  the case of the BHC iso- 
mers, strong attractive forces are associ- 
ated with the chlorine atoms. and rriem- 
brane distortion can be :onsidered pos-
sible when a maximal number of these 
can interact with membrane molecules in 
such a way that they disturb the equilib- 
~ i u mposition of the membrane mole- 
cules, 

From Fig. 1 we nore that plane orien- 
tations are not possible for the a-, j3-, 6-, 
and E-isomers. although end-on orienta- 
tions are possible for all forms. I t  is ~ u g -  
gested that, a l t h o y h  the ?-isomer may 
penetrate in man\ orientations, it can 
rotate after penetration, and the attrac- 
tive forces of its chlorine atoms will be 
bcst satisfied when a plane orientation 
in the interspacc is aswrncd, Reorienta- 
tion of the other isomers listed here will 
not be possible for steric reasons. 

The  reason suggested as to \vhy end-on 
orientations of the isomers result in nar- 
cosis, rather than eucitatlon, is that in 
this orientation the molecilies do not in 
general fit the interspace very closely. 
They therefore ha\?  a tendency to be 
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Fig. 1. Scale drawings from Stuart models 
showing the fit of various BHG isomers 
into a membrane interspace for plane 
(top) and one end-on (middle) orienta­
tion. The interspace (shown by curved 
lines) is formed by three cylindrical mem­
brane molecules with a diameter of 40 A 
at a separation from each other of 2 A. 
All plane orientations, except that of 
Y-BHC, are excluded, although end-on 
orientations of all the isomers are per­
mitted. At the bottom the only possible 
orientation of D D T is shown. 

attracted to only one of the three sur­
rounding membrane molecules, thus 
forming an interspace block but not a 
distortion. 

If the foregoing model is to have any 
generality, it ought to be capable of ac­
counting for the action of D D T and its 
various analogs. Diphenyltrichloroethane 
is capable of occupying the interspace in 
several orientations, one of which is with 
one benzene ring parallel to the surface, 
and another is with both benzene rings 
in an end-on orientation. T h e former 
orientation is not one in which the attrac­
tive forces of the halogen atoms can best 
be made effective, whereas the latter 
makes use of the attractive forces of not 
only the halogens but also the two ben­
zene rings. To direct the orientation of 
diphenyltrichloroethane to end-on, p,p', 
and, to a lesser extent, m,m' substitution 
with some group of the approximate size 
of chlorine is effective. If the p.p' sub-
stituent is made too large (for example, 
iodo or propoxy) , penetration will be 
delayed or inhibited. By increasing the 
distance across the molecule (from the 
chlorine of trichloroethane to p-Cl), p,pf 

substitution makes it impossible for D D T 
to penetrate other than in an end-on 
orientation, as is shown at the bottom of 
Fig. 1. 

Penetration in this orientation depends 
very much upon having the two benzene 
rings in an approximately end-on orienta­
tion. T h e free rotation of the benzene 
rings that is possible in j^p'-dichlordi-
phenylethane is constrained by 1,1,1-
trichloro substitution in the ethane nu­
cleus (6). This orientation of the two 
rings can be disturbed by a number of 
changes in the D D T molecule, such as 
by chlorination of the 2 position in ethane 

and by ortho chlorination of either of the 
benzene rings, changes that tend to rotate 
the benzene rings with respect to each 
other. These compounds are all much 
less active than D D T . Subtraction of 
halogen from the ethane nucleus is also 
capable of disorienting the rings, al­
though this becomes important only 
when two or three halogen atoms have 
been removed. T h e change from D D T 
to dichlorodiphenyldichloroethylene in­
creases markedly the distance between 
the chlorine atoms of dichloroethylene 
and their corresponding benzene rings 
(because of the change in bond angles), 
and hence makes the molecule nonpene­
trating. T h e dichloroethylene compound 
is also relatively inactive. T h e steric situ­
ation responsible for the toxicity of D D T 
would thus appear to involve two fac­
tors: (i) a specific orientation of the two 
benzene rings with respect to each other, 
and (ii) a distance along the two axes of 
the molecule (ethane Gl to p-Cl) great 
enough to prevent a plane orientation of 
one of the rings in the interspace. 

L . J . MULLINS 

Biophysical Laboratory, 
Purdue University, Lafayette, Indiana 
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I m p r o v e d A u t o m a t i c M i c r o t o m e 

T h e automatic microtome I described 
in Science [115, 649 (1952)] that cuts 
and mounts serial sections of imbedded 
biological specimens on a 35mm strip of 
film base has been made more effective 
by two changes in the manner of its use: 
(i) specimens are mounted in tissuemat, 
and (ii) Mylar film is used so that it is 
possible to stain the sections after cutting. 

Originally the instrument cut doubly 
imbedded specimens. I t is preferable to 
use tissuemat, because it is routinely em­
ployed by many laboratories and because 
it saves imbedding time. T h e cutting of 
tissuemat sections works well under all 
conditions encountered, and they adhere 

well to the Mylar film without the use 
of an adhesive coating when the auto­
matic microtome is carefully adjusted. 

Staining previously was done on the 
tissue in totox largely because of the 
damage suffered by acetate film in the 
various solvents. With Du Font's Mylar 
film, which is not affected by solvents, 
we are now able to remove the tissuemat 
and stain the sections on the film in 
standard solutions. 

Freshly cut sections are coated with a 
thin celloidin solution 0.5 percent and a 
thin coat of lacquer. Eastman film lac­
quer has been found to be excellent for 
the purpose. This treatment secures the 
sections to the film so that they do not 
become displaced in subsequent process­
ing. A strip of 5 ft, m about 80 serial 
sections, can be wound on the reel of a 
35mm developing tank such as the Nikor 
tank. T h e tissuemat is then extracted 
with Xylene, and the regular process is 
continued, using a series of solutions of 
alcohol. When the dyeing is completed, 
and the strip is again in Xylene, it is re­
moved from the tank, and a second piece 
of Mylar film is placed on top of the 
strip, using a mounting medium. Longer 
strips can be used with automatic photo­
graphic developing equipment. 

Projection or examination under the 
microscope is facilitated, since ordinary 
35mm film-handling equipment can be 
used to bring successive sections into reg­
ister. Gopies may readily be made with 
ordinary motion-picture equipment. 

VANNEVAR B U S H 

Carnegie Institution of Washington, 
Washington, D.C. 

20 June 1955 

E l e m e n t a l Su l fu r D u s t , 

a N u t r i e n t for L e m o n L e a v e s 

Certain citrus growers in California 
have observed that they were able to 
pack more first-grade fruit from citrus 
trees that had been dusted with elemen­
tal sulfur dust than from nondusted trees. 
Losses due to injured peels of fruit un­
protected from the sun's direct rays were 
to be expected, but these were considered 
negligible when they were compared with 
the increase in first-grade fruit obtained. 
I t is not known how sulfur dost improved 
the grade of fruit or what unobserved 
physiological effects sulfur had. I t be­
came apparent to one of us, however, 
while he was assisting in the preparation 
of "Standard Values in Nutri t ion and 
Metabolism" ( 1 ) , that elemental sulfur 
applied to foliage of higher plants has 
not been demonstrated to penetrate the 
foliage and to enter into the anabolic 
processes therein. 
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